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Abstract:
There are many homeowners that would like to maintain the trees around their homes but
cannot do so. The drive of this project was to develop a branch cutting mechanism which would
provide a senior citizen or an individual with limited upper body strength, with the ability to cut
through branches that would otherwise pose challenging. The design would allow the end user
to cut a branch by simply pulling a trigger. A branch cutting attachment was designed to attach
to the front of a DeWALT cordless impact gun. This attachment will convert the rotational
torque and motion from the impact gun into a shearing motion which can be utilized by a set of
cutting blades to cut through the branches. This conversion came through a worm gear set that
simultaneously changes the rotational direction of motion and increases the output torque of
the impact gun through the gear set. The cutter was constructed from lightweight aluminum to
keep the weight down as it is a hand held tool and was also designed to be easily attached and
detached from the impact gun for ease of use. The design incorporated off the shelf blades so
that in the event a blade was damaged during use a new blade was easy to obtain. Through
testing it was found that the cutting attachment performed well on a variety of tree branch
types and sizes up to 1-1/8”. It was also found that the attachment was easy to use by all user
types.

Acknowledgements:
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and labs used for the fabrication and testing of the project.

Introduction
Engineering Problem/ Motivation:
Loppers on the market today require a fair amount of strength by the user. An individual is
required to squeeze the handles together which may pose difficult to individuals who do not
possess the muscle or could be injured by practicing such motion and stress.
The inspiration for this project stems from individuals who have undergone surgery around
their chest, are mature in age, or those who do not have sufficient strength in their chest
muscles to use tree pruning loppers.
This need for an electronic branch cutter adapter came from Grandfather Rick Hubbard age
67 who underwent open heart surgery 5 years ago. This surgery split his chest plate in two
pieces to be able to access the heart and was then fixed back together to heal. This surgery
after healing has made it difficult for him to squeeze conventional branch loppers together and
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is looking for a way to utilize the cordless power tools he already owns to be able to clear and
maintain his 5+ acres of land in Kenmore Washington.
Rick uses a wood stove to heat his home in the colder months of the year so the trees and
branches that he clears from his land get used to heat his house. He cuts branches around 13/8” in diameter and up with his chainsaw to burn in his stove when he is cutting up the tree.
The leftover branches are piled into a pile to dry so they can be disposed of in his burning
barrel. He needs this branch cutter so he can quickly cut the branches that are about 1-3/8” in
diameter and smaller so they can easily fit into the burning barrel without having to use his
chainsaw or risk hurting himself while using branch cutters.

Function Statement:
This device will have the ability to be attachable and detachable from a cordless DeWALT
DW056 Heavy Duty cordless impact gun. This particular device was chosen so when the
attachment is not in use, the impact gun can be used as it was intended for other home
improvement or automotive projects. It must transmit the torque from the impact gun to the
cutting blade of the attachment to be able to cut through a tree branch of equal diameter as a
standard set of non-ratcheting loppers.

Device Requirements:
Thus, a device is required that:










Weighs 10 pounds or less which when added to the impact gun which has a weight of
roughly 5 pounds would come in at a weight of 15 pounds or less. This is the lifting
weight limit for anyone who is recovering from a surgery such as open heart surgery.
Has the ability to cut through a 1-3/8” diameter tree branch. This diameter is what a
standard set of non-ratcheting loppers is rated by the manufacturer to be able to cut
through.
Has an optional handle with ergonomic hand positioning for comfort of use that the
user can attach or detach without tools to help offset the load on a single arm to
reduce fatigue on the user.
Is made of materials or coated in products that when exposed to outdoor conditions
such as rain or other forms of moisture prevents corrosion from occurring as this device
will be used in an outdoor setting.
Is less than 12” in length from tip of the blades to back of the mounting plate, and 3
1/2” or narrower in width (minus the optional handle), the width of the attached
battery pack.

Success Criteria:
This project will be considered a success if, the user Rick or his wife Jeanne can cut through a
branch that has a diameter of around 1-3/8” without exerting excessive stress or becoming
fatigued during use. Can attach and remove the cutter from the impact gun using a single basic
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tool in under 5 minutes. As well as can easily make cuts on a tree branch without the
attachment inhibiting use due to size or weight.

Testing:
Testing of the cutting attachment will include:






Weight of the cutting attachment and complete cutter weight (including impact gun)
using a scale.
Average time to cut through branches that have a diameter of around 1-3/8” and time
to return to open.
Number of cuts the cutter can make on a single battery charge.
Time to install or uninstall the cutting attachment from the impact gun.
A weathering test of the attachment which will consist of leaving the attachment
outside in the elements for a week and being sprayed with water once per day. The
attachment will then be analyzed for rust or other forms of corrosion.

Engineering Merit:
This device presents several opportunities for optimization. The areas that will be optimized
are weight of the attachment so the user does not get fatigued after prolonged use of the tool,
speed to cut a branch and then revert back to an open jaw position, and cost of materials and
choice of products for production purposes.

Scope of Work:
The scope of work for this project includes:





The cutting attachment to fit onto the existing DeWALT cordless impact gun.
The incorporation of replacement blades off of existing production loppers so
replacement blades are easily obtained in the event the blade or anvil is damaged
during use.
Optional handle that can be attached or removed without tools to help alleviate the
weight being supported by a single arm if the user desires.

Design and Analysis
Approach:
When Rick came to us with his need he asked if we could use the DeWALT DW056 cordless
impact gun as the base tool for the attachment because he said that he had 4 of these guns and
6 batteries that he has obtained over the last few years1. Creating an adapter for this gun would
allow him to attach the cutter adapter to any one of his impact guns and allow him to work in
his yard as he pleases, and then remove the cutter so the tool can be used for his other
projects.
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Proposed Solution/ Description:
The proposed solution will be a lightweight adapter that will bolt onto the face of the impact
gun through the bolt holes that hold the nose cone onto the body of the impact gun. The
adapter will consist of a worm and wormgear set that will simultaneously convert the direction
and the rotational torque outputted by the impact gun into rotational motion and torque that
can be utilized for cutting purposes. The worm will be attached to a shaft that will be connected
to the output shaft of the impact gun, this worm will turn the wormgear which will have the
cutting blade attached to it. The wormgear was chosen because it can obtain torque increases
through gear ratio in a compact design with smaller gears sizes. The anvil portion of the blade
will be attached to the frame of the attachment so that as the blade rotates with the worm
gear it will create a shearing motion with the anvil.
The blade and anvil will come from a pair of Felco 210A-60 24 inch long loppers2. These
blades have a curved shape which aids in decreasing the cutting force required to cut through a
tree branch. These blades are also easily obtained as blade replacements in the event the blade
or anvil is damaged during use for easier and cheaper repair.
The removable handle will be able to be screwed into the side of the attachment frame or
left off if desired.
Below is a rendering of the attachment showing the overall size and how it will be connected
to the nose cone of the impact gun.

Figure 1: Initial Sketch
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Figure 2: First Sketch with Small Gearset

Figure 3: Final Rendering after Analysis
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Benchmarks:
On the market today there are many manufacturers of handheld loppers and cutters. After
reviewing these manufacturers the manufacturer that stood out amongst the others was Felco.
Felco is a Swiss company that makes precision lawn pruning equipment. The first benchmark
comparison for this cutting adapter is the Felco 210A-60 24 inch long two handed pruning
shears2. These shears have 24 inch long handles and have a recommended cutting capacity of
1.4”. After testing these shears we determined they require the user to exert 100 lb.’s of force
on the handles to cut through a branch with a diameter of 1-3/8”.
The second benchmark comparison is the Felco 801 Electronic Power Assisted pruner3. This
pruner has a recommended maximum branch size of 1.2” but must be powered by a wearable
backpack battery which limits the user from independent freedom when not cutting. This
pruner also has a retail price of $2,149 which is over 4x what the target cost of the proposed
adapter is at $500.

Performance Predictions:
Through the use of Solidworks solid modeling software it has been predicted that the
complete cutting attachment will have a mass of roughly 6.1 pounds. This prediction is for the
cutting attachment and optional handle which when added to the impact gun and its
accompanying battery will have a combined total mass of approximately 11.1 pounds.
It has also been predicted that the branch cutter will be capable of cutting through at least a
1-3/8” diameter tree branch. This prediction has been formulated in that after analyzing the
pair of Felco 210A-60 two handed pruning shears it was determined that it requires 150 ft-lb.
(1800 in-lb.) of torque to cut through a 1-3/8” diameter tree branch. Through the use of a 5:1
reduction ratio worm/wormgear set the cutting attachment will be able to produce roughly 293
ft-lb of torque. After factoring in the frictional forces in the gear set and variances in wood
densities this torque will produce the 1-3/8” diameter cutting force needed by Rick and Jeanne.

Description of Analysis:
All aspects of the attachment will be analyzed to ensure proper strength while maintaining a
low weight. Portions of the attachment will be analyzed for a theoretical load as if the user
were applying a load because the cutters became stuck in a branch and they were trying to free
the tool. While other portions of the attachment will be analyzed at the maximum torque
output the gun and cutting blades can produce. Due to the age of Rick’s impact guns, batteries,
and the estimated losses in the impact mechanism it is predicted that the maximum torque of
the impact gun will be 60% of the manufacturer’s listed maximum torque of 97.5 ft-lb which is
58.5 ft-lb of torque.
Stress concentration on upper frame member where side supports bolt on:
𝑑

𝑑 2

𝑑

Tension: 𝐾𝑡 = 3.000 − 3.140 𝐷 + 3.667 (𝐷) − 1.527(𝐷)3
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𝜎𝑛𝑜𝑚 = 𝑃/[(𝐷 − 𝑑)𝑡]
𝜎𝑚𝑎𝑥 = 𝐾𝑡 𝜎𝑛𝑜𝑚
These equations will be used to analyze the upper and side frame rails at the point where the
gear block is bolted to the frame rails. These equations are for tension applied on the beam
treated as a central single circular hole in a finite-width plate.
Bending: At edge of hole,
𝐾𝑡𝑎 = 2(𝑖𝑛𝑑𝑒𝑝𝑒𝑛𝑑𝑒𝑛𝑡 𝑜𝑓 𝑑⁄𝐷)
𝜎𝑛𝑜𝑚 = 6𝑀𝑑/[(𝐷3 − 𝑑3 )𝑡]
𝜎𝑚𝑎𝑥 = 𝐾𝑡𝑎 𝜎𝑛𝑜𝑚
Bending: At edge of plate,
𝐾𝑡𝑏 =

2𝑑
𝐷

(∝= 30°)

𝜎𝑛𝑜𝑚 = 6𝑀𝐷/[(𝐷3 − 𝑑 3 )𝑡]
𝜎𝑚𝑎𝑥 = 𝐾𝑡𝑏 𝜎𝑛𝑜𝑚
These equations will be used to analyze the upper and side frame rails at the point where the
gear block is bolted to the frame rails. These equations are for a moment applied on the beam
treated as a central single circular hole in a finite-width plate.
Key Stock analysis for attaching worm to insert and insert to shaft:
𝑀𝑜𝑚𝑒𝑛𝑡 = 𝑡𝑜𝑟𝑞𝑢𝑒𝑚𝑎𝑥
𝑉 = 𝑀⁄𝑟
𝐴𝑟𝑒𝑎 = 𝑉/𝜏𝑎𝑙𝑙𝑜𝑤 => 𝑑𝐿 = 𝑉/𝜏𝑎𝑙𝑙𝑜𝑤
These equations will be used to analyze the key’s that will cause the worm to rotate when
the shaft rotates and will transmit the torque from the shaft into the worm insert and from the
insert into the worm. This will show the minimum size that the key has to be. I intend to use
standard size key stock so I will find a stock that suffices the analysis.
Main shaft torsion analysis at full load:

𝜏𝑚𝑎𝑥 =

𝑇𝑐
𝐽

𝜋

𝐽 = 𝑐4
2

These equations will be used to calculate the maximum shear stress in the shaft occurring at
the outer surface. This analysis will take place at the maximum torque that is being supplied.
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Wormgear bending stress using effective face width:

𝜎=

𝑊𝑑
𝑦𝐹𝑝𝑛

, where 𝑊𝑑 = 𝑊𝑡𝐺 /𝐾𝑣

These equations will be used to analyze the stress in the worm gear teeth to determine if the
face width of the gear and gear material will be able to transmit the load and torque to the
cutting blades.
Forces on Worm/ Wormgear Set:

𝑊𝑡𝐺 = 2𝑇𝑜 /𝐷𝐺 = 𝑊𝑥𝑊
𝑐𝑜𝑠𝛷𝑛 𝑠𝑖𝑛𝜆+𝜇𝑐𝑜𝑠𝜆

𝑊𝑥𝐺 = 𝑊𝑡𝐺
𝑊𝑟𝐺 = 𝑊𝑡𝐺

𝑐𝑜𝑠𝛷𝑛 𝑐𝑜𝑠𝜆−𝜇𝑠𝑖𝑛𝜆
𝑊𝑡𝐺 𝑠𝑖𝑛𝛷𝑛
𝑐𝑜𝑠𝛷𝑛 𝑐𝑜𝑠𝜆−𝜇𝑠𝑖𝑛𝜆

= 𝑊𝑡𝑊
= 𝑊𝑟𝑊

These equations will analyze the worm and wormgear set to provide the tangential, radial,
and axial loads that they exhibit on their rotating shafts. This will provide values that can be
used to determine the size and type of bearings to be used for the worm shaft and to
determine the size and material of the shaft for the wormgear.
Shear stress in bolts holding blade to gear and anvil to frame:

𝑭. 𝑺. =

𝝉=

𝝉𝒇𝒂𝒊𝒍
𝝉𝒂𝒍𝒍𝒐𝒘

𝑽
𝑨

These equations will analyze the shear stress in the bolts attaching the blade to the
wormgear and anvil to the frame. A factor of safety will be used to ensure that the diameter of
the chosen bolts is correct for the loads they will experience.

Scope of Testing and Evaluation:
To test the attachment real world implementation will be used. Testing will be done on
branches found around Rick Hubbard’s home to ensure it performs and holds up to his work. It
will also be tested and evaluated by Rick and his wife Jeanne to ensure the size and shape are
easy to use without causing fatigue and to ensure it performs the tasks that they need it to do.
The full testing procedures and evaluations can be found in the following Testing Method
section and Appendix H.

Analysis:
I. Approach: Analysis began by determining the gears that were going to be used to
transmit the torque from the impact gun to the cutting blades. Once the gears were
chosen the shaft diameter and keyway size holding the worm to the input shaft could be
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analyzed. The gears can then be analyzed to find the loading on the input shaft for
bearing choice, the bending stress on the wormgear teeth, and the shear force on the
axle holding the wormgear and blade to the frame. Using the output torque from the
worm gear, the shear stress in the bolts holding the blade to the wormgear and anvil to
the frame can be calculated so the proper diameter bolts can be chosen. The last part of
the analysis will be for a theoretical linear force and theoretical moment force that Rick
may exert on the cutting attachment to free it if it were to become stuck during cutting.
II. Design/ Design Shape: A 5:1 ratio has been chosen to increase the 56.5 ft-lb output
torque from the impact gun to 282.5 ft-lb to be able to cut through the branches and to
overcome the power loss due to the friction force between the worm and wormgear. To
determine the diametral pitch and torque limits of the gears, page 97 “Approximate
Horsepower and Torque Ratings for Hardened Steel Worms and Bronze Wormgears” of
Boston Gears online catalog was used (available in appendix A-5 thru A-7)4. This
provided a purchasable gear set, face width, and a starting approximation for torque
limit. From there the allowable bending stress in the teeth could be calculated using the
“Wormgear bending stress using effective face width” equation provided above, and the
maximum measured torque needed to cut through a branch to check to see if the
calculated bending stress is in the range of what is allowable for bronze wormgears.
A 3/8” shaft and 3/8” flexible connector were chosen to be used to transmit the power
from the torque gun to the worm because the DeWALT DW056 impact gun has a 3/8”
connector built in. The 3/8” shaft is a standard size bearing inside diameter available on
McMASTER-CARR.com for purchase, so once the forces on the worm and wormgear are
calculated an applicable bearing can be chosen. The flexible connector will be used to
angle the adapter up at a 30º angle to allow the user to more reach branches with the
cutting blades by situating the top anvil more parallel to the impact gun body. The 30º
angle was chosen because in testing this style adapter it was determined that past 30º
the adapter wants to bind and lock up in movement, so staying at a 30º maximum angle
should prevent this from occurring.
Calculating the forces on the wormgear will also provide the force applied on the
wormgear axle, from here the minimum diameter of the wormgear axle can be
determined.
In the event that the device were to get stuck, the frame for the adapter will be
designed around the minimum dimensions needed to resist a theoretical 100lbf tension
force applied linearly along the impact gun or a 50 lbf-ft. moment applied in a
downward motion on the handle of the impact gun about the blades. The limiting factor
will be whichever of these forces produces the greatest internal stress in the frame thus
producing the absolute minimum frame dimensions.
III. Calculated Parameters/ Device Shape: Below are the calculated parameters for each of
the adapter parts that were analyzed along with the chosen material choice/ part and
the appendix page number where the calculations can be found.
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i.

Gear Analysis: The gears chosen for analysis are a pair of 6 Pitch worm and
wormgear gears from Boston Gear. The worm is a quad thread hardened steel
worm that is paired with a 20 tooth bronze wormgear producing a 5:1 gear ratio.
Appendix A-7 is a table supplied by Boston Gear for the horsepower and torque
limits for their gears. In the table this gear set has a torque limit of 1,512 in-lb. at
100 rpm. Because the rpm of the impact gun is unknown at full load the gears
were analyzed at the 1,800 in-lb. of torque measured to cut through a tree
branch to see if the bending stress in the gears is below the allowable bending
stress allowable in a bronze wormgear. Through analysis the calculated bending
stress in the wormgear teeth was determined to be 21,742 psi which is below
the allowable 24,000 psi for phosphor bronze gears the material this wormgear
is made of. This means that this selected gear pair will suffice in transmitting the
torque from the impact gun to the cutting blades of the attachment.
Through the gear analysis the forces on the worm and wormgear were also
calculated. The worm had a radial load of 310 lbf, an axial load of 556 lbf, and a
tangential load of 1080 lbf, while the wormgear had a radial force of 310 lbf, an
axial force of 1080 lbf, and a tangential force of 556 lbf. Using these values the
bearings for the worm can be selected. A flanged double sealed ball bearing with
a 3/8” with a dynamic radial load rating of 600 lbf was chosen off of McMASTERCARR.com because its rated radial load of 600 lbf is larger than the calculated
310 lbf load5. The supporting hand calculation for this analysis can be found in
Appendix A-8 and the Excel reinforcing calculations can be found on A-9.
ii. Main Shaft Analysis: In reviewing how craftsman tools are manufactured it was
determined that they are composed of 6150 chrome-vanadium steel that is heat
treated and quenched to further increase its strength. The yield strength for this
steel is 142,000 psi6. The τallow can be calculated from this value by multiplying by
.577 which results in a value of 81,800 psi. Using this value and the equations in
the “Main shaft torsion analysis at full load” section above the minimum
diameter was determined to be .348 in. Therefore the .375 in main shaft will
suffice and .375 in I.D. bearings can also be selected. The supporting hand
calculation for this analysis can be found in Appendix A-10.
iii. Key Stock Analysis: For selecting the key way sizes for the worm to worm hub
and worm hub to main shaft a standard sized key way will be chosen to help
keep cost down. The worm is manufactured with a .25in key way running the
2.5in length of the worm. In analyzing the key way attaching the worm to the
worm hub under a 702 in-lb. torque produced by the impact gun the minimum
size needed was .007in which is less than the .25in key way opening called out so
therefore it will suffice. Using this same 702in-lb torque the minimum size key
way for attaching the worm hub to the main shaft was .018in, therefore a .125”
standard sized key way was chosen to be used. The supporting hand calculation
for this analysis can be found in Appendix A-11.
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iv. Frame Analysis: The frame of the cutting attachment will be analyzed under
theoretical conditions that Rick may apply in the event that the cutter became
stuck in a branch during use. The theoretical loads chosen for analysis are a 50 ftlb moment applied perpendicularly at the impact gun handle about the blades
and a 100lbf load applied linearly in tension along the length of the impact gun
body and attachment.
a. Side Frame Rail: It was calculated that under the 50 ft-lb moment on the
handle there is a 150 ft-lb moment on the side frame rails at the location
where the rear end of the block holding the worm and bearings is bolted
to the frame rails. Using this moment and frame rail dimensions of .75in
tall and .375in thick with a .164in diameter bolt hole, it was determined
that there was a maximum stress located at the inside edge of the hole
that was 22,628psi. Using a safety factor of 1.5 in the event Rick applies a
slightly larger load to free the cutter a max stress of 33,942psi was
calculated. This value is lower than 6061 T-6 aluminums yield stress of
40,000psi which means that these dimensions and material choice are
adequate7. The 100lbf load only produced a stress of 1,125psi which is
much smaller than 40,000psi therefore it can be ignored in this analysis.
The supporting hand calculation for this analysis can be found in
Appendix A-13.
b. Top Frame Rail: The top frame rail has dimensions of 1in wide and .375in
thick with two .164in diameter bolt holes bolting into the rear of the
block. For analysis the frame was analyzed in two halves each .5in wide
and .375in thick with a single hole so stress concentration factors could
be determined. Using the same 150 ft-lb calculated moment that was
used on the side frame rails at the location where the rear end of the
block bolts to the frame, it was determined that there was a maximum
stress of 36,526psi. The 100lbf load only produced a stress of 1,587psi
which can be ignored again in this case because of its small size. The
value of 36,526psi is smaller than 6061 T-6 aluminums yield stress of
40,000psi so once again these dimensions and material choice are
adequate. The supporting hand calculation for this analysis can be found
in Appendix A-14.
v. Wormgear Shaft Bolt Analysis: The cutting blades come from Felco with a .375in
diameter axle hole for mounting on the loppers they were intended for.
Therefore a .375in diameter axle shaft will be used to ensure proper geometry of
the cutting blades as they cut through a branch. The worm gear set produced a
load of 310lbf on the shaft under full load as determined in the gear analysis
above. In analyzing the shaft under this load in a double shear mounting setup it
was determined that there was 2,807psi acting on the bolt. This value is smaller
than the type 316 Stainless Steel yield value of 34,800psi, therefore the material
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choice of the bolt and the diameter of the bolt will suffice 8. The supporting hand
calculation for this analysis can be found in Appendix A-15.
vi. Wormgear Axle Carrier: The axle carrier is the portion of the worm block where
the wormgear shaft bolts through and supports the wormgear. It consists of a
.375in hole through a .25in thick plate with a .375in radius outside arch to
minimize size and weight. The analysis is on the maximum stress the material
around the bolt will be subjected to under the load of 310lb f produced by the
gear set. Upon analysis it was determined that the maximum stress is located in
the bearing area of the hole and is 8,415.5psi. This value is below 40,000psi,
therefore 6061 T-6 will be used for the worm block as well. The supporting hand
calculation for this analysis can be found in Appendix A-16.
vii. Blade and Anvil Mounting Bolts: The blade is bolted to the wormgear to transmit
the 3,510in-lb torque from the wormgear into the blade for cutting. The blade is
bolted to the worm gear with two bolts at a radius of .875in from the center axis,
and bolted to the wormgear hub at a radius of .625in. The bolts have a diameter
of .216in and a yield strength of 120,000psi9. Through analysis it was determined
that the smaller radius bolt location bolts are subjected to 112,814psi and the
larger radius bolts are subjected to 54,809psi. Both of these values are lower
than the yield strength of 120,000psi indicating that the location and bolts
chosen will suffice in transmitting the torque from the wormgear to the cutting
blade. The supporting hand calculation for this analysis can be found in Appendix
A-17.
viii. Lightening Holes in Frame Rails: It was determined through analysis that the
sections of the frame rails that span between the front and rear mounting points
on the worm block are only subject to a 1,080lbf tension produced by the worm
under full load. Using this tension value it was determined that three .75in
diameter holes could be drilled through the upper frame rail and four .50in
diameter holes in the side rails to help decrease weight while maintaining the
rigidity needed. The supporting hand calculation for this analysis can be found in
Appendix A-18.
ix. Material Choice for Worm Hub: The impact gun puts out 702 in-lb. of torque that
is transferred through the main shaft and through the worm hub to the worm. It
was determined that the highest stress is on the bearing area of the key way
attaching the main shaft to the worm hub. The maximum stress estimated was
17,120psi. From there a material choice of 6061-T6 aluminum with a yield stress
of 40,000psi was chosen. The supporting hand calculation for this analysis can be
found in Appendix A-19.
IV. Device Assemble: To assemble the attachment the worm hub will be pressed into the
worm with the key way in its slot. The main shaft will then have a bearing and flat
washer slid onto it, the key way will then be installed, followed by the worm and the
other washer and bearing. The wormgear will have the blade screwed to it with 4 flat
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head screws, as will the anvil to the right side worm block. The worm and shaft will be
set into one side of the worm block and then the other side will sandwich it all together.
The wormgear and blade combo will be slid into the forked opening with a flat washer
and the shoulder bolt will be slid through and secured with a lock nut. The top frame rail
will hold the top of the block together with two bolts in each half with the other end
bolted to the mounting plate. Each side rail will attach to a block half and to the
mounting plate with two bolts. The flex socket will attach to the main shaft and to the
output of the impact gun through a square drive connection. The whole attachment will
bolt to the front of the impact gun through the 4 factory bolts from DeWALT.
V. Tolerances: The whole attachment will be manufactured with tolerancing to ±.010in.
Tight tolerancing is not needed for a device such as this as it is only cutting tree
branches and is not a critical part in a larger operation. The .010in will allow the device
to perform as it was intended as the analysis was not performed with super tight
tolerances in mind during calculations.

Technical Risk Analysis:
There is not a large risk associated with this attachment as it is not supporting a person and
does not have parts that are moving at high rates of speed. The only risks associated with this
project are cost, weight, and time for manufacturing. The cost of this project is dependent on
availability of the gears and other materials. The weight is a risk as the attachment is bolting
onto a hand held tool so there is a risk of fatigue on the user. The risk of time for manufacturing
is the highest as there are many parts that need to be made or modified for this project and it
will take a lot of time to get them all completed in the 2.5 months allotted for manufacturing
and assembly.

Operational Limits/ Safety Factors:
The cutting attachment was designed with a 1-3/8” cutting limit as this is the standard size
branches that Rick cuts up to burn in his burning barrel. The cutting attachment was not
designed to cut any larger branches than this as the analysis forces and loads were taken from
the preliminary testing performed with the hand held loppers on 1-3/8” diameter branches
found around Rick’s home. The testing was done on both wet and dried wood to ensure that
the cutter would be ready to handle any tasks Rick has for it. If the cutter encounters a harder
wood than initially tested it will not have enough power to cut through and will stop when it
reaches its limit. The other operational limit that this attachment has is the theoretical loads of
50 ft-lb moment applied perpendicularly at the impact gun handle about the blades and a 100
lbf load applied linearly in tension along the length of the impact gun body and attachment that
Rick may apply to the attachment if it were to become lodged in a branch. The calculated safety
factors to follow explains where these limits stem from.
Through analysis it was found that the safety factor on the gears is 1.1. Because the
wormgear set was a commercially available off the shelf option this gear set was the smallest
gear set available that would support the torque and forces needed to produce the cutting
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force needed to cut through the 1-3/8” branch limit while maintaining Rick’s budget. This 1.1
safety factor means that the 1-3/8” branches found around Ricks house is the operational limit
of this cutting attachment. If a larger branch or harder branch needs to be cut Rick will need to
use a chainsaw.
In addressing the theoretical loads that may be applied, the frame rails of the cutting
attachment have a safety factor of 1.5 in the event that Rick applies a larger load to free the
cutter from the branch. This safety factor will allow Rick to use this tool without worrying about
breaking it, allowing Rick and Jeanne to greatly benefit from this useful tool.
The other safety factors and descriptions of their selection through analysis are as follows:
 The worm hub has a safety factor of 2.3 so that in the event the impact gun
produces a larger torque output due to an impulse caused by the impacting motion
of the impact gun than what was predicted it will not fail.
 The worm hub key and keyway mating the main shaft to the worm has a safety
factor of 7. This was not a designed safety factor but was made from choosing a
standard size key of .125”x.125” connecting the main shaft to the worm hub and a
.250”x.250” standard size key mating the worm hub to the worm. These sizes are
the standard size according to Robert Mott in his Machine Design textbook for the
size shafts they are on. They were made full length of the worm to help reduce the
formation of stress concentrations. This larger safety factor will ensure that if there
is a larger impulse caused by the impact motion of the impact gun the key and
keyway will not fail.
 The main bolt holding the wormgear has a safety factor of 10. This safety factor is
large because the bolt size was determined from the hole size in the blade and anvil
to ensure proper geometry between the two and is more than adequate for the
forces being produced by the worm gear set.
 The bolts holding the blade to the wormgear and wormgear hub have a safety factor
of 1.06. This safety factor is for a single bolt supporting all of the torque produced by
the gear set through the blade. Because there are 4 bolts attaching the blade the
safety factor of each bolt is approximately 4.
 The lightening holes in the frame of the attachment have a built in safety factor of
1.5 so that if the gear set produces more than the analyzed 1,080 lbf of force they
will not fail and will adequately support the attachment.

Methods and Construction:
Description:
When the gear block half’s are machined special care will have to be taken to ensure the
final parts meet the specifications defined by the drawings to ensure proper alignment of the
worm to the worm gear. If these two parts do not have proper alignment during assembly the
entire cutting attachment will not work properly. This care will also have to be taken for the
worm and wormgear hubs to ensure the gears are aligned properly with the block housings.
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The precision of the parts will be monitored throughout the manufacturing process with a
dial caliper and an angle finder to ensure the proper function of the final product. The
mounting plate to the impact gun will also be test fit at multiple points of the manufacturing
process as the measurements of its size and shape were hard to obtain due to its complex
shape. If there are interferences between the mounting plate and the front nose cone of the
impact gun they will be addressed at that time.

Drawing Tree:
Located in Appendix B is a drawing tree of how the cutting adapter will be assembled into
the final product. This drawing tree only shows the major components of the adapter and
excludes the hardware needed for assembly. In order to be ready for construction each of the
parts being manufactured will be machined and will then be inspected against the drawing for
that part to ensure the part meets the tolerances set forth for that part. If the part passes this
inspection it will be cleaned up to remove any sharp edges or burs and will then be finished per
the requirements set forth in the drawing.
Once all the parts are completed and checked assembly can begin. The final assembly is
constructed of a Gear Cutter Assembly which will be attached to the mounting plate with the
manufactured side rails and top rail. When the Gear Cutter Assembly is being assembled the
worm gear will need to be assembled as with the worm because these parts have a few parts
which make up its entity. The drawing tree outlines these miniature sub-assemblies that need
to be built before the sub assembly and final assembly can be built.
Once the cutting assembly is completed and in working order it will be broken back down so
that Blue Loctite 242 thread locking formula can be applied to the threads of all the bolts to
ensure that they do not become loose or fall out during the adapters’ use10. Once the final
assembly is complete the adapter can then be bolted on to the front of the impact gun using
the factory screws provided by DeWALT and can then be tested for use.

Parts List:
Located in Appendix C is the Branch Cutter Attachment Parts List. This list shows the item
number, quantity of each part needed for the attachment, its specific drawing name for
tracking throughout the project, and the name of each part. The drawing names have been
developed to tell the type of part it is, i.e. MB1 is Mounting Block #1 to help keep it separate
from the other parts. This was important for this project as a few parts like the mounting block
halves and the side frame rails look similar but are very different in what will be attaching to
them.

Drawings and Assembly:
Also located in Appendix B is the drawings for each of the parts that will be manufactured or
modified and an assembly drawing which shows the orientation of each part in relation to the
whole attachment. These drawings will be used in the manufacturing process to make the parts
needed for the project.
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Testing Method:
In order to determine if the cutting attachment is a success it will be put through a variety of
tests to ensure that it will hold up to the elements and that it is a useable tool that Rick and
Jeanne can perform there cutting needs with. The tests will be performed in the Materials Lab
on the CWU campus as well as on Rick and Jeanne’s land around their home. The complete
testing report can be found in Appendix G.

Testing Plan:
The following list is the tests that will be performed on the cutting attachment in order to
evaluate its effectiveness as a useable tool.
1. The first test that will be performed is a test of weight. The weight of the attachment
attached to the gun will be measured using the digital scale located in the Materials Lab
of the Hogue Building on the CWU campus. This scale will give an accurate
measurement of the tools weight to ensure that it is under the maximum lifting load of
15 lbs. determined in the device requirements section of this paper.
2. The second test that will be performed is an instillation and removal timed test of how
long it takes the user to attach and remove the cutting attachment from the impact gun.
For this test Rick will be given a flat blade screwdriver, cutting attachment, and impact
gun and will be timed with a stop watch to see if he can install the attachment in under
5 minutes. This time limit was chosen as any longer install time would be tedious for a
tool that is designed to make his life easier. The test will then be performed using
Jeanne as the tester to ensure that she as well can install the attachment in the event
Rick has removed it to use the impact gun for another purpose.
3. The third test is a weathering test in which the cutting attachment will be left outside at
Rick’s house exposed to the elements for a week. During this week the attachment will
be sprayed with water once per day. At the end of the week the attachment will be
inspected for rust or other forms of corrosion.
4. The fourth test that will be performed is a speed test of how fast the cutter can cut
through a branch with a diameter of around 1-3/8” and return to an open cutting blade
position. To perform this test, branches from around Rick’s property that have a
diameter of around 1-3/8” will be collected and taken to a table for testing. The
branches will then be measured and marked in locations where the diameter is 1-3/8” ±
1/8” for a total of about 20 cutting spots on the branches. The cutter will then be timed
with a stopwatch in how long it takes to cut through the branch and revert to the open
blade position. The test will be performed 20 times in total and an average time will be
calculated of how long it takes to do the task.
5. The fifth test that will be performed is a test of how many cuts the cutter can make on a
single battery charge. This test will be performed on branches with a diameter of around
1” as this is the average size branch this cutter will see on Rick and Jeanne’s property
when it is being used. To conduct this test branches with this diameter will be collected
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and taken to a table for testing. With a full battery the tester will cut and record how
many cuts the cutter can make before the battery is too dead to perform the task. Once
this is done the battery will be switched out for another fully charged battery and the
test will be performed in the same manner as the first with a record of how many cuts it
made on the second run through. This test will be performed a total of three times to
get an accurate record of its performance in this test.

Testing Documentation:
The following list describes the documentation that will be used during each test described
above and what will be taken from each set of data.
1. For the weight test described above the only documentation is recording the weight of
the tool in the testing spreadsheet. This value will be compared to the estimated mass
as a percent difference, it will also be compared to the limit as a percent under limit
value.
2. For the instillation and removal timed test described above the times for Rick and
Jeanne’s instillation and removal times will be recorded in a data table and will be
compared to the 5 minute time limit set for the instillation.
3. The weathering test described above will have a checklist that will be used to mark off
that the attachment was wetted down with water for 7 days straight as well as an
observation and analysis of the attachment during and after the test to determine how
the coating and finishes protect the material in the elements by how much the surfaces
corrode during the test.
4. The speed test described above will be recorded in a data table that will set out the test
cut number 1-20 and will be filled in with the diameter of the branch and the correlating
measured time to make each cut. The bottom of the data table will have a spot to put in
the calculated average branch diameter and calculated average cut and revert to open
time.
5. The data from the fifth test described above will be recorded in a data table and will
contain the number of cuts the cutter can make for each of the three batteries tested
and an average number of cuts the cutter can make on a single battery charge.
The recorded and measured data and documentation sheets can be found under Appendix
H: Testing Documentation.

Testing Procedures:
The following sections will describe the testing procedure that will need to be completed to
complete each of the testing documents provided in the section above.
Test 1: Mass Test of Cutting Attachment
1. Obtain a digital scale capable of a .1lb precision, (the materials lab in the Hogue
Technology building on the CWU campus has a digital scale that matches this precision).
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2. Turn on and zero out the scale.
3. Measure the mass of the cutting attachment with the optional handle attached as the
estimated mass from Solidworks had the handle attached.
4. Record the mass of the attachment in Table 1 of the Testing Documentation section.
5. Calculate the percent difference from the estimated mass and record in table.
6. Calculate the percent difference the handles mass is under the weight limit of the
cutting attachment and record it in the table.
7. Put away scale.
Test 2: Assembly and Disassembly Testing
1. Layout the complete cutting attachment, complete impact gun with battery, and
instillation tool on table surface.
2. Describe to person being tested how to disassemble the impact gun so the attachment
can be attached and how the cutting attachment is attached to the impact gun.
3. Time with a stopwatch how long it takes for the person being tested to attach the
cutting attachment to the front of the impact gun in working order. Record this time in
Table 2 of the Testing Documentation section.
4. Time with a stopwatch how long it takes for the person being tested to remove the
cutting attachment from the impact gun and put the impact gun back together in
working order. Record this time in Table 2 of the Testing Documentation section.
5. Repeat steps 1-4 on two or three more people so an average time for each task can be
calculated.
6. Calculate the instillation and removal percent time differences from the 5:00 time limit
and record in the table.
7. Calculate the average time to install, time for breakdown, instillation percent difference,
and breakdown percent difference for all people tested.
Test 3: Weather Ability Testing
1. Take the cutting attachment and place it outside at Rick Hubbard’s home in Kenmore
Washington. This location is where the attachment will primarily see its use so this is
also where it will be tested against the elements.
2. In table 3 of the Testing Documentation section mark down the date.
3. Observe the cutting attachment for signs of corrosion. Scale the visible corrosion on a 0
to 5 basis with 0 being no corrosion, and a 5 being large amounts of corrosion that
would make the attachment unusable.
4. Spray the cutting attachment with a spray bottle containing water until the entire
attachment is dripping with water.
5. Repeat steps 2-4 for a total of 7 days.
6. Once testing is complete bring the part back inside for storage.
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Test 4: Speed Cutting Testing
1. Obtain branches from the land surrounding Rich Hubbard’s home in Kenmore
Washington.
2. Measure the diameters of the branches and mark spots on the branches where their
diameters is around 1-3/8” ± 1/8” for a total of 20 spots.
3. Mark down the diameter of the spot to be cut in table 4 of the Testing Documentation
section.
4. Time with a stopwatch how long it takes for the cutting attachment to cut through the
branch and record on the same line from step 3. Time how long it takes for the blades to
open back up to an open position and mark down this time as well.
5. Repeat steps 3 and 4 for a total of 20 trials.
6. Calculate the average branch diameter, time to cut, and time to open and record in the
table for analysis.
Test 5: Cuts per Charge Testing
1. Obtain branches from the land surrounding Rich Hubbard’s home in Kenmore
Washington.
2. Measure the diameters of the branches and mark spots on the branches where their
diameters is around 1” ± 1/8” as this is the average size of branch the cutter will see.
3. Take a full battery and plug it into the impact gun.
4. Begin making cuts on the branches, after each time mark down the cut number and the
branch diameter.
5. Repeat step 4 until the battery is too drained to make any more cuts.
7. Calculate the average branch size and record the number of cuts into trial 1 of table 5 of
the Testing Documentation section.
6. Repeat steps 1-7 two more times for a total of 3 trials.
7. Calculate the average branch diameter of the three trials and the average number of
cuts for the three trials and record in table 5.

Deliverables:
Throughout the testing process the tables from Appendix H Testing Documentation will be
filled out. They will then be transferred into Excel for analysis and entry into the final testing
report. Pictures and videos will also be taken/recorded throughout the testing process for
documentation and for visual references in the testing report.
The project testing methods described above yielded three different types of deliverables to
display how well the adapter performed. They are parameter values which are how well the
cutting adapter met the parameters set forth for it, calculated values which were values
calculated from the collected values to better understand what they mean, and success criteria
values which were how well the cutting adapter met the success criteria of the project. A
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complete description of each deliverable listed below can be found in the Testing Report
located in Appendix G.
Parameter Values:
The cutting attachment met the requirement of being able to cut through a branch with a
diameter of 1-3/8” ± 1/8”. This size is the maximum size a pair of non-ratcheting commercial
loppers is rated for by the manufacturer. During the speed cutting test the cutter was tested on
branches with a diameter of 1-1/4”. This branch size falls into the branch size range listed and
therefore passes the test.
Another device requirement was that the cutting attachment was to have an optional handle
with ergonomic hand positioning for comfort of use that the user can attach or detach without
tools to help offset the load on a single arm to reduce fatigue on the user. The cutting
attachment does have an optional handle that requires no tools to install or uninstall from the
attachment. Through testing Rick and Jeanne both found the handle to be very comfortable to
use and made the tool seem lighter in their hands. Therefore the second optional handle
placement is a success because it can be installed and removed without tools and makes the
tool more comfortable to use.
The device requirements stated the cutting attachment is to made of materials or coated in
products that when exposed to outdoor conditions such as rain or other forms of moisture
prevents corrosion from occurring as this device will be used in an outdoor setting. The device
was constructed from aluminum, stainless steel, bronze, and steel. The aluminum, stainless
steel, and bronze are resistant to heavy corrosion by nature but the steel is susceptible to
corrosion when it comes in contact with moisture. To combat this the blades and steel
wormgear were coated in white lithium grease to help prevent heavy corrosion from occurring.
Through the weathering testing the blades and wormgear got a slight rust build up on them
where the white lithium grease was rubbed off during use. Because the rust did not affect the
performance of the tool and was merely cosmetic the tool passes the weathering testing.
The last parameter value device requirement states that the cutting attachment has a size
requirement of less than 12” in length from tip of the blades to back of the mounting plate, and
3 1/2” or narrower in width (minus the optional handle), the width of the attached battery
pack. The attachment meets these size requirements measuring in at 10-1/2” in length and 31/4” in with. These measurements do not take into account the optional handle and its
mounting block. With the handle attached the device length does not change but the width
increases to 8”.
Calculated Values:
The device requirements states that the cutting attachment had to weigh less than 10 lbs.
which when added to the 4.8 lb. (measured weight) impact gun comes in under the 15 lb.
weight lifting maximum for a person recovering from heart surgery. Through Solidworks 3D
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modeling it was estimated that the completed attachment would weigh 6.1 lbs. Once the
cutting attachment was put on a scale it was found that the attachment actually weighed 6.05
lbs. This means that the cutting attachment meets the requirement and gives the cutting tool a
final weight of 10.85 lb., 39.5% less than the required maximum weight.
The cutting attachment had a requirement that it could be installed onto the impact gun or
removed from the impact gun with a single tool in under 5:00 minutes. The instillation and
removal tests were conducted on 4 different people with varying mechanical ability to see how
user friendly the attachment is to install onto or remove from the impact gun. Testing found
the average install time of the cutting attachment onto the impact gun was 4:13 minutes. This
average was a 19.78% difference under the time limit of 5:00 minutes. Testing also found the
average removal time of the cutting attachment off of the impact gun to be 3:36 minutes. This
average was a 32.56% difference under the time limit of 5:00 minutes. This means that the
attachment met this requirement and shows that anyone can install or uninstall the attachment
in a reasonable amount of time.
The branch speed cutting test was performed to find out how fast the branch cutter could
cut through a branch with a diameter of 1-3/8” ± 1/8”. This was to determine if the tool was a
viable option for cutting through tree branches without taking so much time that using the tool
becomes tedious for the user trying to do their yard work. It was found that through use the
time to cut through a branch steadily increased as the charge in the battery decreased through
use and the impact gun lost its level of torque that it could apply. The average cut time for the
cutting tool came out to be about 20.8 seconds for a branch with a diameter of 1-1/4” in the
conditions tested. This average time will vary depending on the density of the wood being cut
and how sharp the blades on the attachment are at the time. Through this testing it was found
that the cutting attachment is a viable cutting tool to use as 20.8 seconds is fast enough of cut
to not feel tedious by the user.
The last test that was performed which was also not driven by a device requirement was a
test to see how many branches the cutting tool could cut on a single battery charge. This would
show that the tool could tackle the tasks at hand and would not require the user having to swap
out the dead battery for a charged one so often that its use is more of a hassle than the gain
the user gets by using it. For this test three trials were run with three fully charges batteries on
three different trees. The first two tests were on trees located around Ellensburg WA and the
third was on a tree found on Rick and Jeanne’s land in Kenmore WA. Through testing it was
found that on around a 1” diameter average tree branch the cutting tool can cut on average 37
branches. This data can be seen in the graph below. This test showed that the cutting tool is a
very useful yard tool in that the average person would only be able to cut around 37 branches
with traditional loppers before getting tired and the tool tested should have its battery
switched out at the same point. This means the cutting tool is on par with the average person
but allows them to do the same work with less stress.
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Success Criteria Values:
The cutting attachment met the success criteria outlined by the project and is therefore
considered a success by the principal investigator and the requestors of the project. The cutting
attachment has made it possible for the user Rick and his wife Jeanne to cut through a branch
that has a diameter of around 1-3/8” without exerting excessive stress or becoming fatigued
during use. It can also be attached and removed from the impact gun using a single basic tool in
under 5 minutes so if the attachment is not already set up the user can quickly and easily
prepare it for yard work. As well as it can easily make cuts on a tree branches without the
attachments size or weight inhibiting its use. The picture below shows Jeanne thoroughly
enjoying her new yard tool.

The smile on Jeanne’s face shows how much she is enjoying her new tool.

Testing Problems:
Once the cutting attachment was completed it was mounted onto the impact gun for
preliminary testing to see if anything needed to be modified or changed before the main testing
began. With a freshly charged battery installed the principal investigator of the project tested
out the newly finished tool on a ¾” diameter tree branch and found that it did not have the
power or torque to cut through the tree branch. The principal took this problem to professor
Pringle to find out what should be done about the problem to remedy a fix. After talking to
professor Pringle, Dr. Johnson, and Professor Beardsley it was determined that the torque of
the impact gun being used was not at the rated value supplied by DeWALT due to its age.
Professor Beardsley came up with a testing rig to determine what the actual output of the
impact gun was so the maximum cutting size could be determined. With this rig the principal
investigator went over to Geoff Gibson’s garage to perform the test. It turns out that Geoff
happened to have the same exact impact gun the cutting attachment was designed for and was
only a couple years old and was barely used. At this point the principal investigator mounted up
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the cutting attachment onto the new impact gun and tested it out. Testing showed that the
cutting tool could cut through a 1-1/4” diameter tree branch as it was designed for and testing
could begin. The DeWALT DW056 cordless impact gun has an internal brushed motor that does
not have replaceable brushes so as they wear out the impact gun loses its maximum torque
output. To remedy this problem Rick Hubbard will need to order a new replacement motor and
switch out the old motor before using the new tool.

Testing Conclusion:
The principal investigator of the project and the requestors of the project Rick and Jeanne
Hubbard view this project as a success. The cutting attachment was put through many real
world tests to see how the attachment would perform and it passed every test it was put
through. The principal investigator requested the help from a variety of testing helpers so a
variety of mechanical and physical ability could be tested to show the attachment is useable by
anyone who picks up the tool.

Cost and Budget:
This project is sponsored by Rick Hubbard who came to us with his need for a branch cutting
adapter for his electric impact gun. All decisions on parts will be run by Rick to ensure that the
pricing meets his budget for the project and to help ensure he is satisfied throughout the
project and with the final product.
The original budget set for this adapter was $500. This budget was chosen after a preliminary
estimate was made. The adapter was originally designed to use a 20 tooth 12 pitch worm gear
and a 2 start 12 pitch worm providing a 10:1 ratio in a very compact size. These gear sizes were
found on RushGears.com and similar gear sizes were found on Amazon.com for about $125 for
the worm and $175 for the wormgear. After the original analysis was done using the Microsoft
Excel Worm Gear Spreadsheet found in Appendix A-9 it was determined that the bending stress
in the wormgear teeth greatly exceeded the 24,000psi value for a phosphor wormgear material,
and an alloy steel would have to be used. A quote was put into RushGears.com and the price
they quoted was $3,790 which was way over Rick’s budget for this project. A meeting was set
with Rick to discuss what was found and he recommended that we should find a set of stock
gears that are manufactured and in stock with a distributor that are capable of handling the
bending stresses being applied to help keep the costs down.
A catalog from a company called Boston Gear was found which displayed the worm gear sets
they manufacturer and have in stock at distribution facilities. From there different gear pitches
and face widths were analyzed until the bending stress in the teeth were under the 24,000psi
limit of the Phosphor material the wormgear is made of. The gears chosen were Worm #H1638
which is a 6 Pitch 4 Start Hard Steel worm11, and Wormgear #QB620A which is a 6 Pitch 20
Tooth Phosphor Bronze wormgear12. A quote was then put into Motion Industries in Alabama
and they came back with a cost of $573.16 which Rick determined was much more feasible for
this project and was ok to continue with for the project.
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After analysis the adapter was designed in Solidworks using parts like bearings and bolts that
were purchasable from distributors such as McMaster Carr so that an accurate budget could be
made and to make these pieces more easily obtainable come fabrication time. The worm block
was also redesigned to be made in two pieces so that the thickness of the raw material would
be thinner to further help keep costs down.
The Estimated Total Cost of this project came out to be $845.83 after adding up all of the
parts and raw materials that would need to be purchased for fabrication and assembly. This
cost breakdown was taken to Rick to show what the total project will cost. He said that it is
higher than he originally thought but knows that this adapter will make it much easier for
himself and his wife to maintain the land around there home. There will be no fabrication costs
associated with this project as all of the parts will be machined in the Central Washington
University Machine Shop to help keep the costs as close to the total cost represented above.
A parts list breakdown can be found in Appendix C, this shows all of the parts manufactured
or purchased for the project and their title corresponding to the drawings in Appendix B. While
a total cost breakdown of the entire adapter can be found in Appendix D which shows costs of
all parts, materials, and hardware that will need to be purchased for the project.

Schedule:
The schedule for this project is represented by a high level Gantt chart available in Appendix
E. This schedule breaks down the larger tasks such as the Proposal, Analysis, Documentation, or
Construction into specific tasks such as the fabrication of a specific part so that time is more
thoroughly tracked. The Gantt chart shows a specific task with a description of that task and
from there shows the estimated time to complete that task. Next to that is the actual amount
of time it took to complete the specific time so that analysis of the difference in time can be
made for future projects. The right side of the chart shows the week the task will be started and
the estimated duration of time that task will be completed within. Each main task has a
subtotal of estimated and actual hours for completion, and the bottom of the chart shows the
total estimated hours and actual hours it took to complete the entire project.
The estimated total hours for this project from beginning to end was 243.8 hours. This
included the hours put into the proposal paper, hours for drawing construction, building
process, testing/evaluation, and deliverables at the end of the project. The total hours spent on
the project was 335.2 hours. The proposal and analysis for the project took more time than
initially estimated as the complexity of the project was underestimated during the initial
estimate. The construction phase of the project too significantly more time than initially
planned as some of the materials used were harder to machine than initially anticipated and
new processes were learned along the way as to how to perform specific machining tasks.
There are also many milestones for this project that are defined by the MET 495 schedule.
The main milestones for this project are the go for project on October 29 th, 2014, the
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completed proposal go for construction on December 3rd, 2014, and the most important is a
completed product on the table by March 16th, 2015 so testing can begin. The entire project is
to be completed by June 5th, 2015 for graduation.

Project Management:
Human Resources:
The Project Manager, Principal Engineer, and Machinist for this project is Cullen Hubbard. He
is the one responsible for design and analysis on the project, acquiring raw materials,
machining the parts needed, obtaining purchased parts, and finding the required hardware for
construction. He is also responsible for ordering, tracking, and managing the budget of the
project to keep the total cost around the initial proposed project cost.

Physical Resources:
All of the parts for this project that need to machined will be machined in the CWU Hogue
Technology Machine Shop located on campus. This machine shop has multiple milling machines
and lathes that can be used to shape the raw stock into the final parts for assembly.

Soft Resources:
All of the design for this project will be done in Solidworks 3 Dimensional Solid Modeling
Software. This will allow the entire project to be modeled to scale in 3D while easily allowing
changes to be made without wasting expensive materials. Solidworks will also be used to create
the 2 dimensional drawings to ANSI Y14.5 standard to be used in the machining/ construction
stages of the project.

Financial Resources:
The financial resource for this project will be Rick Hubbard who is the consumer in this
project and will therefore be the one to purchase the materials for construction and assembly.
A discussion has already taken place with Rick about the costs of the materials and parts for the
cutting adapter so there will not be any surprises in the end when he sees the final bill of parts.

Discussion:
Design Evolution:
The initial design for the cutting attachment was a very size and weight conscious design to
keep the attachment as small and compact as possible being as it is a hand held tool. The initial
chosen gears were a 20 tooth 12 pitch worm gear and a 2 start 12 pitch worm providing a 10:1
ratio in a very compact size. These gears provided the correct transmission of power to cut
through the 1-3/8” branch requirement set by Rick with the capability to cut through larger
branches if he so desired. The problem with these gears was that because of their size and
specifications the bending force in the teeth of the gears was nearly 10 times the allowable
bending stress allowed for bronze wormgears. Because of this high stress the worm and
wormgear needed to be made of an alloy steel that would need to be heat treated after cutting
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to increase their strength. A quote was sent out to get these gears made as the CWU machine
lab does not have the tooling to create worm and wormgear sets. The quote came back at
almost $4000 and 8 times the initial budget set by Rick. At this point other off the shelf gears
were chosen to meet the cutting capacity required by Rick.
The gears that were chosen for this cutting attachment were a set of off the shelf gears from
Boston Gear which is a large gear manufacturer in the US that stocks all of their catalog gears in
warehouses for quick delivery and cheaper prices. These gears chosen were a 6 Pitch 4 Start
Hard Steel worm and a 6 Pitch 20 Tooth Phosphor Bronze wormgear providing a 5:1 ratio to cut
through the branches. The cost of these gears was $573 which Rick agreed was a fair price for
the gears.
These gears were quite a bit heavier and quite a bit larger than the initial gears chosen so to
help keep the weight down of the attachment, the frame was built to be as small and light as
possible while maintaining adequate strength in the event the cutter needs to be unstuck from
a tree or branch. These gears also came with center bores much larger than the shaft sizes
chosen so to further decrease weight the hubs for connecting the gear to the shaft was
designed from 6061 T-6 Aluminum for adequate strength and lighter weight. These design
changes along with the addition of lightening holes in certain parts of the frame rails to
decrease material and weight have kept the attachment under the preset weight determined
by the device requirements and able to cut through the branch size set by Rick.
Appendix J shows the stages of the design evolution process with the different gear size
choices.

Project Risk Analysis:
There is not a lot of risk associated with this cutting adapter as it is not carrying or supporting
a person and does not have parts moving at high rates of speed. The risk that is associated with
this project is that it is providing a way for Rick and Jeanne to work in there yard without risking
injuring themselves in the event they overexert themselves. Because there is this risk the
cutting adapter has been designed so that it will not fail in the event it becomes stuck in a
branch and they have to use the leverage of the hand positioning to free it. The adapter was
designed to be a reliable tool that Rick and Jeanne can use to do their yard work and enjoy their
retirement.

Conclusion:
This branch cutting attachment was a success because it assists Rick and is wife Jeanne in
maintaining the land around there home by allowing them to easily and quickly cut the
branches they need to cut to be able to fit them into their burning barrel for easy disposal. It
cut branches 1-3/8” ± 1/8” in diameter and down without requiring either of them to exert a
force that could cause injury but merely pull the trigger on the impact gun and allow it to do the
work for them. It weighed under the 15 pound weight limit that has been set for patients post28 | P a g e

surgery and will has an optional handle that helps to offset the weight from one arm to two if
they desire. It is easily attachable and detachable from the impact gun using a simple tool and is
designed to be used on a tool that Rick already has in his possession. This attachment is also
fully independent which allows Rick and Jeanne to work around any point of their land and to
be able to share the tool between each other without the need to hand a battery backpack
back and forth between one another. In the end this attachment greatly simplified Rick and
Jeanne’s life when it comes to trimming trees or disposing of branches around their yard.
The branch cutter attachment has been researched, designed, and analyzed as presented in
this paper to meet the requirements set for this device. All the parts, materials, and hardware
have been carefully selected. Through this meticulous process the branch cutting attachment
will perform well for years to come.

29 | P a g e

References:
1. DeWALT DW056 Cordless Impact Gun:
http://best18vcordlessdrillshop.blogspot.com/2013/01/top-purchase-dewalt-dw05618v-cordless.html
2. Felco 210A-60 24” Loppers:
http://www.felcousa.com/felco/pages/product.page?name=FELCO%20210A-60
3. Felco 801 Power Assisted Loppers:
http://www.felcousa.com/felco/pages/product.page?name=FELCO%20801
4. Boston Gear Online Catalog: http://www.altraliterature.com/pdfs/P-1930-BG.pdf
5. McMaster-Carr Flanged Double Sealed Ball Bearings:
http://www.mcmaster.com/#standard-ball-and-roller-bearings/=vo4785
6. AISI 6150 Alloy Steel Matweb Page:
http://www.matweb.com/search/DataSheet.aspx?MatGUID=29eeec3b098f4681872482
f03ad4e3f4&ckck=1
7. Aluminum 6061-T6; 6061-T651 Matweb Page:
http://www.matweb.com/search/datasheet_print.aspx?matguid=1b8c06d0ca7c456694
c7777d9e10be5b
8. Type 316 Stainless Steel Matweb Page:
http://www.matweb.com/search/DataSheet.aspx?MatGUID=dfced4f11d63459e8ef873
3d1c7c1ad2
9. McMaster-Carr Alloy Steel Flat-Head Socket Cap Screws:
http://www.mcmaster.com/#socket-head-cap-screws/=vo39yy
10. Blue Loctite 242 Thread Locker:
http://www.loctiteproducts.com/p/t_lkr_blue/overview/Loctite-Threadlocker-Blue242.htm
11. Boston Gear H1638 Steel Worm:
https://www.motionindustries.com/productDetail.jsp?sku=00368571
12. Boston Gear QB620A Bronze Wormgear:
https://www.motionindustries.com/productDetail.jsp?sku=00371359

30 | P a g e

Appendix A: Analysis

31 | P a g e

32 | P a g e

33 | P a g e

34 | P a g e

35 | P a g e

36 | P a g e

37 | P a g e

38 | P a g e

39 | P a g e

40 | P a g e

41 | P a g e

42 | P a g e

43 | P a g e

44 | P a g e

45 | P a g e

46 | P a g e

47 | P a g e

48 | P a g e

49 | P a g e

Appendix B: Drawings/Assembly
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*Drawing supplied by Rush Gears Inc. and represents dimensions and specifications of Boston Gear #H1638.
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* Model supplied by Rush Gears Inc. and represents dimensions and specifications of Boston Gear #QB620A. Modified gear shown above for application.
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Design Evolution Pictures:

Figure 1: Initial Rendering Sketch

Figure 2: Rendering with Smaller Gears
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Figure 3: Final Rendering with Boston Gears
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Appendix C: Parts List

Branch Cutter Attachment Parts List
Item # Quantity Drawing #
Name
1
1
MP1
Mounting Plate
2
1
G1
Worm
3
1
G2
Wormgear
4
1
MB1
Left Block Half
5
1
MB2
Right Block Half
6
1
UF1
Upper Frame Rail
7
1
SF1
Left Frame Rail
8
1
SF2
Right Frame Rail
9
1
B1
Blade
10
1
A1
Anvil
11
1
MS1
Main Shaft
12
1
MB3
Handle Mounting Block
13
1
H1
Worm Hub
14
1
H2
Wormgear Hub
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Appendix D: Budget
Branch Cutter Attachment Parts and Costs
Item # Quantity

Part #

Price

Description

Purchase Location

Estimated Total Price

Actual Total Cost

$197.94

$220.49

MotionIndustries.com

$375.22

$417.95

Felcousa.com

$32.43

$32.43

Felcousa.com

$38.22

$38.22

Craftsman.com

$9.99

$9.99

Craftsman.com

$9.99

$9.99

McMasterCarr.com

$61.97

$36.39

McMasterCarr.com

$17.14

$11.93

McMasterCarr.com

$24.34

$19.09

McMasterCarr.com

$16.64

$17.30

McMasterCarr.com

$2.07

$2.07

McMasterCarr.com

$3.70

$3.70

McMasterCarr.com

$7.07

$7.07

McMasterCarr.com

$0.20

FREE

McMasterCarr.com

$0.73

FREE

McMasterCarr.com

$4.48

$7.98

Boston Gear Hard Steel
MotionIndustries.com
Worm 6 Pitch 4 Start

1

1

H1638

$197.94

2

1

QB620A

$375.22

3

1

210/3

$32.43

4

1

210/4

$38.22

5

1

43282

6

1

4250

7

1

8975K501

8

1

8975K211

9

1

8975K239

10

2

6384K348

11

1

98535A130

12

1

98535A150

13

1

97345A656

14

1

90715A135

15

1

91525A140

16

14

98164A139

17

8

91253A283

$0.69

Black Finish Alloy Steel
#12-24x.75" Flat-Head
Socket Head Cap Screw

McMasterCarr.com

$5.52

$9.24

18

2

91525A141

$0.54

Type 316 SS
3/8"x1.25" Flat Washer

McMasterCarr.com

$1.08

$0.98

19

1

.125"x4"x10"

$5.10

OnlineMetals.com

$5.10

$7.92

20

1

8974K18

$14.05

McMasterCarr.com

$14.05

$9.41

21

1

D-P614796-00

$17.95

ToolPartsStore.com
Total Price:

$17.95
$845.83

$17.95
$880.10

Boston Gear Bronze
Wormgear 6-Pitch 20
Teeth
Felco 210A-60 Blade

Felco 210A-60 Anvil
Craftsman 3/8" Drive
$9.99
6" Extension
Craftsman 3/8" Flex
$9.99
Adapter
6061-T6 Aluminum Bar
$61.97
1.5"x5"x6"
6061-T6 Aluminum Bar
$17.14
.375"x5"x12"
6061-T6 Aluminum Bar
$24.34
1"x3"x12"
3/8" shaft 600lb load
$8.32
Flanged Steel Ball
Bearing
.125"x.125"x12"
$2.07
Spring Steel Standard
Key Stock
.25"x.25"x12" Spring
$3.70
Steel Standard Key
Stock
Type 316 SS Shoulder
$7.07 Bolt 3/8"x2" w/ 5/16"18 Thread
Type 316 SS Nylon Lock
$0.20
Nut w/ 5/16"-18
Thread
Type 316 SS 3/8"x1.5"
$0.73
Flat Washer
Type 316 SS #8$0.32
32x.75" Button Head
Cap Screw

.125"x4"x10" 1018
Steel Plate
1.5" dia.x12" 6061-T6
Aluminum Rod
DeWALT Side Handle
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Appendix E: Schedule
Project: Branch Cutter Adapter for Electric Impact Gun
Principal Investigator: Cullen Hubbard

ID#
1
1a
1b
1c
1d
1e
1f
1g
1h
1i

Proposal
Outline
Introduction
Methods
Analysis
Discussion
Parts and Budget
Drawings
Schedule
Summary & Appendix
Subtotal:

2
2a
2b
2c
2d
2e
2f
2g
2h
2i
2j
2k

Analysis
Analysis of Impact Gun
Preliminary Testing of Loppers
Analysis of Gears
Analysis of Main Shaft
Analysis of Key Stock
Overall Frame Analysis
Analysis of Side Frame Rail
Analysis of Top Frame Rail
Analysis of Wormgear Shaft
Analysis of Axle Carrier
Analysis of Cutting Blade Bolts
Subtotal:

2
4
2
2
1
1.5
3
3
0.5
1
1
21

3.0
3.0
5.0
2.0
1.5
2.0
4.0
3.5
0.8
2.0
3.5
30.3

3
3a
3b
3c
3d
3e
3f
3g
3h
3i
3j
3k
3I
3m

Documentation
Drawing: Mounting Plate - MP1
Drawing: Worm - G1
Drawing: Wormgear - G2
Drawing: Left Block Half - MB1
Drawing: Right Block Half - MB2
Drawing: Upper Frame Rail - UF1
Drawing: Left Frame Rail - SF1
Drawing: Right Frame Rail - SF2
Drawing Cutting Blade - B1
Drawing: Anvil - A1
Drawing: Main Shaft - MS1
Drawing: Handle Mounting Block - MB3
Meets ANSI Y14.5 Specifications
Subtotal:

2
1
1
3
3
2
1.5
1.5
1.5
1.5
2
1.5
6
27.5

1.5
1.0
1.0
2.8
3.0
2.0
2.0
2.0
2.0
2.0
1.0
2.0
5.0
27.3

4
4a
4b
4c

Proposal Modifications
Project Schedule
Project Parts List
Critical Design Review

3
2
10
15

1.9
1.0
6.0
8.9

5
5a
5b
5c
5d
5e
5f
5g
5h
5i
5j
5k
5l
5m
5n

Build Process
Purchase Comp. and Materials
Make Mounting Plate
Make Main Shaft
Make Worm Hub
Make Wormgear Hub
Make Right Block Half
Make Left Block Half
Make Side Frame Rails
Make Top Frame Rail
Modify Blade
Modify Anvil
Modify Worm Gear
Make Side Handle Mount
Assemble Attachment
Dissassemble and Reassemble with
Locktite
Tune Cutting Attachment
Take Pictures of Parts and Device
Update Website
Subtotal:

8
3
2.5
4
2
5
5
3
2
1
1
4
2
2

9.5
2.0
3.0
10.0
3.7
12.8
10.0
5.0
3.0
6.2
4.0
5.2
3.0
3.2

3

3.0

3
2
5
57.5

3.3
2.6
3.2
83.6

6
6a
6b
6c
6d
6e
6f
6g
6h
6i
6j
6k

Device Evaluation
List Parameters
Design Testing and Scope
Obtain Resources
Make Test Sheets
Plan Analysis
Mount Attachment
Test Plan
Device Testing
Take Testing Pictures and Video
Update Website
Troubleshoot Attachment
Subtotal:

2
4
3
3
4
0.5
4
4
2
3
4
33.5

0.5
1.0
3.0
2.0
2.8
0.3
13.0
10.5
2.8
5.0
4.0
40.8

7
7a
7b
7c
7d
7e
7f
7g
7h
7i
7j

495 Deliverables
Get Report Guide
Make Report Outline
Write Report
Make Presentation Outline
Create Presentation for Source
Practice Presentation
Make CD Deliverables List
Write 495 Deliverables in Paper
Update Website
Source Presentation
Subtotal:

0.25
3
20
3
4
2
3
3
4
3
45.3

0.1
1.0
19.0
3.0
5.2
1.5
4.0
8.0
7.0
3.5
52.3

Est.
250.8

Act.
335.2

Subtotal:

5o
5p
5q
5r

8
8a
8b
8c
8d

Total Project Hours:
Project Milestones
Go For Project
Go For Construction
Completed Built Project
Completed Project Submitted

6/15/2015

6/8/2015

6/1/2015

June

5/25/2015

5/18/2015

5/11/2015

5/4/2015

May

4/27/2015

4/20/2015

4/13/2015

4/6/2015

3/30/2015

April

3/23/2015

3/16/2015

3/9/2015

3/2/2015

March

2/23/2015

2/16/2015

2/9/2015

2/2/2015

February

1/26/2015

1/19/2015

1/12/2015

1/5/2015

January

12/29/2014

12/22/2014

12/15/2014

12/8/2014

December

12/1/2014

11/24/2014

11/17/2014

11/10/2014

11/3/2014

November

10/27/2014

10/20/2014

6.0
12.0
4.0
13.0
8.0
5.0
20.0
8.0
16.0
92.0

3
6
4
6
6
2
12
4
8
51

October

10/13/2014

Act.
Time
(hrs)

10/6/2014

Est.
Time
(hrs)

9/29/2014

Description

9/22/2014

Sept.

Task

October 29 2014
December 3 2014
March 16 2015
June 5 2015

Figure E.1: Cutting attachment schedule Gantt chart.
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Appendix F: Expertise and Resources





Financial Support:
o Rick and Jeanne Hubbard, Grandparents to the sole investigator of this project.
Analysis Equations:
o Machine Elements in Mechanical Design Fifth Edition By Robert L. Mott
o Stress Concentration Factors for Central Single Circular Hole in Finite-Width Plate
http://www.amesweb.info/StressConcentrationFactor/CentralCircularHoleInFinit
eWidthPlate.aspx#.VNVNRi48qrs
o Stress Concentration Factor for Round Pin Joint With Closely Fitting Pin in FiniteWidth Plate
http://www.amesweb.info/StressConcentrationFactor/RoundPinJointWithClosel
yFittingPin.aspx#.VNVSTy48qrt
Educational Support:
o Dr. Johnson, Central Washington University Professor, Mechanical Engineering
Technology

o Professor Pringle, Central Washington University Associate Professor, Mechanical
Engineering Technology

o Professor Beardsley, Central Washington University Associate Professor,
Mechanical Engineering Technology





Machining Support:
o Curt Stout, Retired Welder and Fabricator, and family friend to the sole
investigator of the project.
o Central Washington University Machine Shop provided machining tools and
equipment to fabricate the designed parts for the project.
Water-Jet Cutting Support:
o Jay Weeks, Cutting Technology Inc. Precision Water-Jet Cutting Auburn
Washington. Cut the Mounting Plate, Side Frame Rails, and Upper Frame Rail
from provided material stock.
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Appendix G: Testing Report

Branch Cutting Attachment Testing Report
Introduction:
The purpose of this report is to describe the testing phase of the branch cutting attachment
that was created through this project. The project had a specific set of device requirements that
the cutting attachment was to meet in order to show that the attachment does as it was
intended to do. These device requirements were that the attachment:












Weighs 10 pounds or less which when added to the impact gun which has a weight of
roughly 5 pounds would come in at a weight of 15 pounds or less. This is the lifting
weight limit for anyone who is recovering from a surgery such as open heart surgery.
Has the ability to cut through a 1-3/8” ± 1/8” diameter tree branch. This diameter is
what a standard set of non-ratcheting loppers is rated by the manufacturer to be able
to cut through.
Has an optional handle with ergonomic hand positioning for comfort of use that the
user can attach or detach without tools to help offset the load on a single arm to
reduce fatigue on the user.
Is made of materials or coated in products that when exposed to outdoor conditions
such as rain or other forms of moisture prevents corrosion from occurring as this device
will be used in an outdoor setting.
Is less than 12” in length from tip of the blades to back of the mounting plate, and 3
1/2” or narrower in width (minus the optional handle), the width of the attached
battery pack.”
Can be installed onto the impact gun or removed from the impact gun with a single tool
in under 5:00 minutes.

The parameters that are of interest through this testing are the overall size and weight of the
cutting attachment. Because this tool is intended to be handheld the size of the attachment is
very important to ensure that the user does not become fatigued during its use. The tool is also
intended to be easy to use in that the optional handle is intended to be installed and removed
without the use of tools to allow the user to use or not use the handle in the yard without
having to carry around tools for its install. It was also designed so that the user can install and
remove the cutting attachment from the parent impact gun quickly and easily. This is
accomplished with a single basic tool so that anyone with any mechanical ability can install the
tool and get to work in the yard. The tests will also test the attachments cutting performance
on different sizes of branches throughout the battery life of the tool as well as how the
attachment holds up to the elements of nature.
The predicted performance of the cutting attachment is that the attachment is estimated to
weigh 6.1 lbs. on its own and when added to the impact gun should weigh 11.1 lbs. It is also
71 | P a g e

estimated to meet the 3-1/2” width maximum and 12” length maximum. The attachment will
take under 5:00 to both install onto the impact gun and remove. The impact gun will be able to
cut through a branch with a diameter of 1-3/8”± 1/8”. It is predicted that the cutter will be able
to cut through at least 20 branches on a single battery charge but as the cutter finds its limit on
a branch size a smaller branch will be found to continue testing. The branch cutter should be
able to cut through a 1-3/8”± 1/8” branch in around 5 seconds on a fresher battery but as the
battery begins to die the time to cut will begin to increase. The cutting attachment is predicted
to fare well in a weathering test as most of the attachment is made of aluminum with stainless
steel fasteners and all steel parts have been coated in white lithium grease to prevent water
from coming in contact with the bare steel parts.
Data acquisition for the testing process will be taken by hand into the data tables set up in
Appendix H below. Videos and pictures will be taken throughout the testing process for
clarification and documentation. A dial caliper or tape measure will be used for measurements
and a digital scale will be used for mass measurements and a stop watch will be used to record
times in timed tests. Testing helpers may be used to help speed up the testing process to
ensure all data is recorded accurately.
Below is a Gantt chart of the testing schedule that will be followed to ensure all testing is
completed on time and in an orderly manner so that tests don’t overlap one another.

ID#
6h
6h.1
6h.2
6h.3
6h.4
6h.5
6h.6

Device Testing
Device Mass Testing
Device Size Measurements
Instillation and Removal Tests
Speed Cutting Test
Cuts Per Charge Testing
Weathering Test
Total Time:

5/11/2015

5/10/2015

5/9/2015

5/8/2015

5/7/2015

5/6/2015

5/5/2015

5/4/2015

5/3/2015

5/2/2015

5/1/2015

4/30/2015

4/29/2015

4/28/2015

4/27/2015

4/26/2015

0.5
0.25
0.5
3
3.5
1.75
9.5

4/25/2015

0.5
0.25
1.25
2
3
1.75
8.75

4/24/2015

Act
Time
(hrs)

4/23/2015

Est.
Time
(hrs)

4/22/2015

Description

4/21/2015

Task

4/20/2015

Project: Branch Cutting Attachment Testing
Principal Investigator: Cullen Hubbard

Method/ Approach:
The resources that will be needed for the testing process are as follows:





Testing data tables to record data as testing occurs with writing utensil.
Digital scale that can read up to at least a 15 lb. maximum with a tolerance of .1 lb.
Stopwatch to record times it takes to install and remove the cutting attachment, and
time it takes for the attachment to cut through a branch and revert back to open state.
Tree branches in varying sizes from at least ½” up to the 1-3/8” diameter maximum
branch size.
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Measuring device such as a dial caliper or tape measure to measure the test branch
diameters and the size of the branch cutting attachment.
Battery charger to recharge the batteries after each complete test.
White lithium grease to keep the gear set lubricated through use.
Water in a spray bottle to spray the attachment on a daily basis during the weathering
testing.
A testing helper to take pictures/ video of testing process who can also record data in
the data tables.

There are no external costs associated with the testing process as CWU has the scale needed
to weigh the attachment and the forests surrounding Ellensburg have plenty of tree branches
that can be used to evaluate the cutting portion of the tests.
During the tests either the principal investigator of the project or a helper will record the
data such as branch sizes, time to cut, weight etc. and will record it into the data tables created
for testing. Once all of the data is recorded into the data table for a specific test the averages
and percent differences will be calculated so that all of the data collected can be analyzed to
see the performance of the cutting attachment and how it compares to the performance
predictions and device requirements.
The following list is the tests that will be performed on the cutting attachment in order to
evaluate its effectiveness as a useable tool.
1. The first test that will be performed is a test of weight. The weight of the attachment
attached to the gun will be measured using the digital scale located in the Materials Lab
of the Hogue Building on the CWU campus. This scale will give an accurate
measurement of the tools weight to ensure that it is under the maximum lifting load of
15 lbs. determined in the device requirements section.
2. The second test that will be performed is an instillation and removal timed test of how
long it takes the user to attach and remove the cutting attachment from the impact gun.
For this test the user will be given a removal tool, cutting attachment, and impact gun
and will be timed with a stop watch to see if they can install the attachment in under 5
minutes. This time limit was chosen as any longer install time would be tedious for a
tool that is designed to make his life easier. The test will then be repeated with another
tester to see how their times compare with each other.
3. The third test is a weathering test in which the cutting attachment will be left outside
exposed to the elements for a week. During this week the attachment will be sprayed
with water once per day. Every day the water is applied and at the end of the week the
attachment will be inspected for rust or other forms of corrosion. The impact gun will
not be attached to the cutter as to not harm the electric motor which was not designed
to be used in rain.
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4. The fourth test that will be performed is a speed test of how fast the cutter can cut
through a branch with a diameter of around 1-3/8” and return to an open cutting blade
position. To perform this test, branches from varying trees that have a diameter of
around 1-3/8” will be collected and taken to an area for testing. The branches will then
be measured and marked in locations where the diameter is 1-3/8” ± 1/8” for a total of
about 20 cutting spots on the branches. The cutter will then be timed with a stopwatch
in how long it takes to cut through the branch and revert to the open blade position.
The test will be performed 20 times in total and an average time will be calculated of
how long it takes to do the task.
5. The fifth test that will be performed is a test of how many cuts the cutter can make on a
single battery charge. This test will be performed on branches with a diameter of around
1” as this is the average size branch this cutter will see when it is being used. To conduct
this test branches with this diameter will be collected and taken to an area for testing.
With a full battery the tester will cut and record how many cuts the cutter can make
before the battery is too dead to perform the task. Once this is done the battery will be
switched out for another fully charged battery and the test will be performed in the
same manner as the first with a record of how many cuts it made on the second run
through. This test will be performed a total of three times to get an accurate record of
its performance in this test.
The operational limitations of the cutting attachment are that the attachment cannot cut a
branch that has a diameter greater than 1-3/8” as this was the maximum the attachment was
designed for and the limit of how large of a branch can fit into the open cutting blades. It also
should not be operated in heavy rain as the rain could break the electric impact gun motor
which has opening in it to allow for cooling.
All measurements of size will be taken to an accuracy of 1/16” as any higher accuracy is
unnecessary for the testing being done. The mass of the cutting attachment and impact gun will
be taken with an accuracy of .1 lb. as this was the accuracy taken from Solidworks for the
estimated mass of the attachment. The installation and breakdown times will be taken to the
whole second while the time to cut through a branch and time to open will be taken to .1
second as any smaller accuracy is unnecessary.
Once the data is recorded in the data tables created, the data will then be transferred to
their respectable Excel tables so the averages and percent differences of the data can be
calculated. Once these values have been calculated they can be compared to the performance
predictions made and see how well the cutting attachment actually performs. A graph will be
made of branch size to cutting time to see how the cutting time is affected based on how old
the battery is getting and how the branch size has to be adjusted to allow cutting to continue.
Three to four trials was chosen for the cuts per charge test and twenty trials were chosen for
the time to cut charge as this number for each was felt to accurately summarize the
performance of the attachment under these conditions.
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Testing Procedures:
The following sections will describe the testing procedure that will need to be completed to
complete each of the testing documents provided in the section above.
Test 1: Mass Test of Cutting Attachment
1. Obtain a digital scale capable of a .1lb precision, (the materials lab in the Hogue
Technology building on the CWU campus has a digital scale that matches this precision).
2. Turn on and zero out the scale.
3. Measure the mass of the cutting attachment with the optional handle attached as the
estimated mass from Solidworks had the handle attached.
4. Record the mass of the attachment in Table 1 of the Testing Documentation section.
5. Calculate the percent difference from the estimated mass and record in table.
6. Calculate the percent difference the handles mass is under the weight limit of the
cutting attachment and record it in the table.
7. Put away scale.
Test 2: Assembly and Disassembly Testing
1. Layout the complete cutting attachment, complete impact gun with battery, and
instillation tool on table surface.
2. Describe to person being tested how to disassemble the impact gun so the attachment
can be attached and how the cutting attachment is attached to the impact gun.
3. Time with a stopwatch how long it takes for the person being tested to attach the
cutting attachment to the front of the impact gun in working order. Record this time in
Table 2 of the Testing Documentation section.
4. Time with a stopwatch how long it takes for the person being tested to remove the
cutting attachment from the impact gun and put the impact gun back together in
working order. Record this time in Table 2 of the Testing Documentation section.
5. Repeat steps 1-4 on two or three more people so an average time for each task can be
calculated.
6. Calculate the instillation and removal percent time differences from the 5:00 minute
time limit and record in the table.
7. Calculate the average time to install, time for breakdown, instillation percent difference,
and breakdown percent difference for all people tested.
Test 3: Weather Ability Testing
1. Take the cutting attachment and place it outside at Rick Hubbard’s home in Kenmore
Washington. This location is where the attachment will primarily see its use so this is
also where it will be tested against the elements.
2. In table 3 of the Testing Documentation section mark down the date.
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3. Observe the cutting attachment for signs of corrosion. Scale the visible corrosion on a 0
to 5 basis with 0 being no corrosion, and a 5 being large amounts of corrosion that
would make the attachment unusable.
4. Spray the cutting attachment with a spray bottle containing water until the entire
attachment is dripping with water.
5. Repeat steps 2-4 for a total of 7 days.
6. Once testing is complete bring the part back inside for storage.
Test 4: Speed Cutting Testing
1. Obtain branches from the land surrounding Rick Hubbard’s home in Kenmore
Washington.
2. Measure the diameters of the branches and mark spots on the branches where their
diameters is around 1-3/8” ± 1/8” for a total of 20 spots.
3. Mark down the diameter of the spot to be cut in table 4 of the Testing Documentation
section.
4. Time with a stopwatch how long it takes for the cutting attachment to cut through the
branch and record on the same line from step 3. Time how long it takes for the blades to
open back up to an open position and mark down this time as well.
5. Repeat steps 3 and 4 for a total of 20 trials.
6. Calculate the average branch diameter, time to cut, and time to open and record in the
table for analysis.
Test 5: Cuts per Charge Testing
1. Obtain branches from the land surrounding Rick Hubbard’s home in Kenmore
Washington.
2. Measure the diameters of the branches and mark spots on the branches where their
diameters is around 1” ± 1/8” as this is the average size of branch the cutter will see.
3. Take a full battery and plug it into the impact gun.
4. Begin making cuts on the branches, after each time mark down the cut number and the
branch diameter.
5. Repeat step 4 until the battery is too drained to make any more cuts.
8. Calculate the average branch size and record the number of cuts into trial 1 of table 5 of
the Testing Documentation section.
6. Repeat steps 1-7 two more times for a total of 3 trials.
7. Calculate the average branch diameter of the three trials and the average number of
cuts for the three trials and record in table 5.
Test Procedure Discussion:
These tests will be performed by the principal investigator of the project as well as by Rick
and Jeanne Hubbard whom the cutting attachment was designed for. Other testing helpers may
be used if time allows itself to achieve input on how well the attachment performs and how
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easy the attachment is to use. The tests will be performed on trees located around Ellensburg
Washington and on trees located around Rick and Jeanne’s home in Kenmore Washington. Two
testing locations were chosen so the cutting attachment could be tested on a variety of tree
types and climates to test how well rounded the tool is. The data will be recorded during the
tests on a printout of the data tables in Appendix H located below. A helper may be used to
make data recovery easier and more efficient but is not necessary.

Testing Deliverables:
Below are the results of the testing conducted on the cutting attachment. The raw data and
calculated values can be found in Appendix I below.
Parameter Values:
One of the device requirements for the cutting attachment was that it was to have the ability
to cut through a branch with a diameter of 1-3/8” ± 1/8”. This size is the maximum size a pair of
non-ratcheting commercial loppers is rated for by the manufacturer. During the 4 th test
described above the speed cutting test the cutter was tested on branches of 1-1/4” diameter.
This branch size falls into the desired size range and therefore satisfies the requirement. The
full 1-3/8” branch diameter was not tested on during the official testing recorded because it
was found that this larger branch diameter took longer to cut through because of its increased
size so therefore the smallest satisfactory branch diameter was chosen. This ensured all 20 tests
could be completed with a single battery charge. Therefore the device met the requirement of
being able to cut through a branch with a diameter of 1-3/8” ± 1/8” as requested by the
requirements.

Testing Figure 1: Cutting a 1-1/4” branch

Another device requirement was that the cutting attachment was to have an optional handle
with ergonomic hand positioning for comfort of use that the user can attach or detach without
tools to help offset the load on a single arm to reduce fatigue on the user. The cutting
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attachment does have an optional handle that requires no tools to install or uninstall from the
attachment. Through testing with Rick and Jeanne Hubbard they said “the attachment hand
positioning is comfortable and makes the cutting tool more balanced” in their hands. They also
stated that the attachment “does get heavy feeling after longer periods of use but the second
handle does make it a little easier to use”. Therefore the second optional handle placement is a
success because it can be installed and removed without tools and makes the tool more
comfortable to use.

Testing Figure 2: Rick showing how easy his new tool is to use

The fourth device requirement described above stated the cutting attachment is to made of
materials or coated in products that when exposed to outdoor conditions such as rain or other
forms of moisture prevents corrosion from occurring as this device will be used in an outdoor
setting. The device was constructed from aluminum, stainless steel, bronze, and steel. The
aluminum, stainless steel, and bronze are resistant to heavy corrosion by nature but the steel is
susceptible to corrosion when it comes in contact with moisture. To combat this the blades and
steel wormgear were coated in white lithium grease to help prevent heavy corrosion from
occurring. Through the weathering testing the blades and wormgear got a slight rust build up
on them where the white lithium grease was rubbed off during use. Because the rust did not
affect the performance of the tool and was merely cosmetic the tool passes the weathering
testing.
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Testing Figure 3: Cutter before weathering testing

Testing Figure 4: Cutter after weathering testing

The fifth device requirement described above states that the cutting attachment has a size
requirement of less than 12” in length from tip of the blades to back of the mounting plate, and
3 1/2” or narrower in width (minus the optional handle), the width of the attached battery
pack. The attachment meets these size requirements measuring in at 10-1/2” in length and 31/4” in with. These measurements do not take into account the optional handle and its
mounting block. With the handle attached the device length does not change but the width
increases to 8”.
Calculated Values:
The first device requirement described above states that the cutting attachment had to
weigh less than 10 lbs. which when added to the 4.8 lb. (measured weight) impact gun comes in
under the 15 lb. weight lifting maximum for a person recovering from heart surgery. Through
Solidworks 3D modeling it was estimated that the completed attachment would weigh 6.1 lbs.
Once the cutting attachment was put on a scale it was found that the attachment actually
weighed 6.05 lbs. which was 0.83% under the estimated weight and 39.5% less than the
required maximum weight. The difference in weight may stem from a slight difference in the
final shape of the worm gear as it was machined with straight sides instead of curved edges as
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the straight sides were easier to complete. This means that the cutting attachment meets the
requirement and gives the cutting tool a final weight of 10.85 lb.

Testing Figure 5: Impact gun and cutting attachment on scale
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The cutting attachment had a requirement that it could be installed onto the impact gun or
removed from the impact gun with a single tool in under 5:00 minutes. The instillation and
removal tests were conducted on 4 different people with varying mechanical ability to see how
user friendly the attachment is to install onto or remove from the impact gun. Testing found
the average install time of the cutting attachment onto the impact gun was 4:13 minutes. This
average was a 19.78% difference under the time limit of 5:00 minutes. Testing also found the
average removal time of the cutting attachment off of the impact gun to be 3:36 minutes. This
average was a 32.56% difference under the time limit of 5:00 minutes. This means that the
attachment met this requirement and shows that anyone can install or uninstall the attachment
in a reasonable amount of time.

Testing Figure 6: Rick Hubbard removing the cutting attachment from the impact gun
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One of the tests that was performed but was not driven by a device requirement was a
branch speed cutting test. This test was to find out how fast the branch cutter could cut
through a branch with a diameter of 1-3/8” ± 1/8”. This was to determine if the tool was a
viable option for cutting through tree branches without taking so much time that using the tool
becomes tedious for the user trying to do their yard work. The following graph shows the raw
data that was collected and graphed. The cut time vs. cut number is this raw data and as it can
be seen the cutter varies in cut speed depending on the density of the branch being cut. The
linear average line shows how the branch cutting time increases every cut as the battery begins
to lose its charge and therefore produce less useable torque in the impact gun. The average cut
time for the cutting tool came out to be about 20.8 seconds for a branch with a diameter of 11/4” in the conditions tested. This average time will vary depending on the density of the wood
being cut and how sharp the blades on the attachment are at the time. Through this testing it
was found that the cutting attachment is a viable cutting tool to use as 20.8 seconds is fast
enough of cut to not feel tedious by the user.

Testing Figure 7: Graph of the time to cut vs. the branch cut number

The last test that was performed which was also not driven by a device requirement was a
test to see how many branches the cutting tool could cut on a single battery charge. This would
show that the tool could tackle the tasks at hand and would not require the user having to swap
out the dead battery for a charged one so often that its use is more of a hassle than the gain
the user gets by using it. For this test three trials were run with three fully charges batteries on
three different trees. The first two tests were on trees located around Ellensburg WA and the
third was on a tree found on Rick and Jeanne’s land in Kenmore WA. Through testing it was
found that on around a 1” diameter average tree branch the cutting tool can cut on average 37
branches. This data can be seen in the graph below. This test showed that the cutting tool is a
very useful yard tool in that the average person would only be able to cut around 37 branches
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with traditional loppers before getting tired and the tool tested should have its battery
switched out at the same point. This means the cutting tool is on par with the average person
but allows them to do the same work with less stress.

Testing Figure 8: Graph of the number of cuts per full battery

Testing Problems:
Once the cutting attachment was completed it was mounted onto the impact gun for
preliminary testing to see if anything needed to be modified or changed before the main testing
began. With a freshly charged battery installed the principal investigator of the project tested
out the newly finished tool on a ¾” diameter tree branch and found that it did not have the
power or torque to cut through the tree branch. The principal took this problem to professor
Pringle to find out what should be done about the problem to remedy a fix. After talking to
professor Pringle, Dr. Johnson, and Professor Beardsley it was determined that the torque of
the impact gun being used was not at the rated value supplied by DeWALT due to its age.
Professor Beardsley came up with a testing rig to determine what the actual output of the
impact gun was so the maximum cutting size could be determined. With this rig the principal
investigator went over to Geoff Gibson’s garage to perform the test. It turns out that Geoff
happened to have the same exact impact gun the cutting attachment was designed for and was
only a couple years old and was barely used. At this point the principal investigator mounted up
the cutting attachment onto the new impact gun and tested it out. Testing showed that the
cutting tool could cut through a 1-1/4” diameter tree branch as it was designed for and testing
could begin. The DeWALT DW056 cordless impact gun has an internal brushed motor that does
not have replaceable brushes so as they wear out the impact gun loses its maximum torque
output. To remedy this problem Rick Hubbard will need to order a new replacement motor and
switch out the old motor before using the new tool.
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Success Criteria Values:
The cutting attachment met the success criteria outlined by the project and is therefore
considered a success by the principal investigator and the requestors of the project. The cutting
attachment has made it possible for the user Rick and his wife Jeanne to cut through a branch
that has a diameter of around 1-3/8” without exerting excessive stress or becoming fatigued
during use. It can also be attached and removed from the impact gun using a single basic tool in
under 5 minutes so if the attachment is not already set up the user can quickly and easily
prepare it for yard work. As well as it can easily make cuts on a tree branches without the
attachments size or weight inhibiting its use.

Conclusion:
To conclude this testing report the principal investigator of the project and the requestors of
the project Rick and Jeanne Hubbard view this project as a success. The cutting attachment was
put through many real world tests to see how the attachment would perform and it passed
every test it was put through. The principal investigator requested the help from a variety of
testing helpers so a variety of mechanical and physical ability could be tested to show the
attachment is useable by anyone who picks up the tool.
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Appendix H: Testing Documentation
Table 1: Mass Test of Cutting Attachment

Mass of Cutting Attachment
Mass Limit Estimated Mass Measured Mass
10 lbs.

% Difference

% Under Limit

6.1 lbs.

Table 2: Assembly and Disassembly Testing
Assembly Testing
Tester
Rick Hubbard
Jeanne Hubbard
Mark Hubbard

Time Limit Time for Instillation Time for Breakdown Instillation % Difference Breakdown % Difference
5:00
5:00
5:00
5:00
Average: __________ Average: __________ Average: _____________

Average: _____________

Table 3: Weather Ability Testing

Weathering Testing
Day

Date

Water Applied Corrosion Level

0
1
2
3
4
5
6
7
*Corrosion Levels: 0=None, 5=High

Avg.: _________
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Table 4: Speed Cutting Testing

Speed Cutting Test
Cut #

Branch Diameter

Cutting Time

Time to Open

1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
Average: _______

Average: _______ Average: _______

Table 5: Cuts per Charge Testing

Cuts Per Charge Test
Trial #

Average Branch Diameter Number of Branches Cut

1
2
3
Average: _____________

Average: _____________
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Appendix I: Testing Data
Data 1: Mass of Cutting Attachment

Mass of Cutting Attachment
Mass Limit Estimated Mass Measured Mass
10 lbs.

6.1 lbs.

% Difference

% Under Limit

0.83%

39.5%

6.05 lbs.

The attachment had a mass limit of 10 lbs. which was set by the device requirements. Through
Solidworks modeling it was estimated that the attachment would weigh 6.1 lbs. the cutting attachment
with its attached handle weighed in at 6.05 lbs. The percent difference is the difference between the
measured and estimated mass. The percent under limit value is the difference between the measured
mass and the mass limit.

Data 2: Assembly Testing
Assembly Testing
Tester

Time Limit Time for Instillation Time for Breakdown Instillation % Difference Breakdown % Difference

Rick Hubbard
5:00
Jeanne Hubbard
5:00
Geoff Gibson
5:00
Cullen Hubbard
5:00
* All Times in Minutes

4:30
5:37
2:40
4:06
Average: __4:13_

4:04
5:09
2:14
2:57
Average: __3:36___

10.53%
20.60%
-11.68%
-2.96%
61.10%
76.63%
19.78%
51.57%
Average: _19.78% Under_ Average: _32.56% Under_

The attachment had an instillation and breakdown time limit of 5 minutes. The attachment was set out
and the person being tested was tied on how fast they could install the cutting attachment onto the
impact gun and how long it would take them to remove it from the impact gun. Once the data was
collected the percent difference were calculated for the recorded time in comparison to the 5:00 minute
time limit. The averages were then calculated so one value could be used which helped eliminate slight
outliers in the data. Jeanne was a little bit slower to install and remove the attachment but her times
were still fairly close to the time limit and shows that the device is easy to install and remove in a timely
manner.
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Data 3: Attachment Weathering Testing
Weathering Testing
Day

Date

Water Applied

Corrosion Level

0
1

5/1/2015
5/2/2015

Yes
Yes

2

5/3/2015

Yes

0-No Corrosion Visible
0-No Corrosion Visible
1-Slight Corrosion on
Wormgear

3

5/4/2015

Yes

1.5-Slight Corrosion on
Wormgear and Blades

4

5/5/2015

Yes

1.5-Slight Corrosion on
Wormgear and Blades

5

5/6/2015

Yes

1.5-Slight Corrosion on
Wormgear and Blades

6

5/7/2015

Yes

7

5/8/2015

Yes

*Corrosion Levels: 0=None, 5=High

2-Slightly more
Corrosion on Wormgear
and Blades
2-Slightly more
Corrosion on Wormgear
and Blades
Avg.: _1.2 after rounding

The attachment had a requirement that it was to be made from materials or coated in products that
would protect the attachment from heavy corrosion if it were to be left outside as the tool is intended
for outdoor use. The attachment was sprayed with water every day for a week to simulate being left out
in the rain. The attachment was inspected for corrosion each day and was recorded in the table above.
Over time slight corrosion formed where the protecting white lithium grease was rubbed off from a
branch. At the end of the week only the surface of the blades and the steel wormgear had a slight
amount of corrosion but was very minimal and would not affect the cutters performance.

88 | P a g e

Data 4: Speed Cutting Testing
Speed Cutting Test
Cut #
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20

Branch Diameter Cutting Time (sec) Time to Open (sec)
1.25 in.
1.25 in.
1.25 in.
1.25 in.
1.25 in.
1.25 in.
1.25 in.
1.25 in.
1.25 in.
1.25 in.
1.25 in.
1.25 in.
1.25 in.
1.25 in.
1.25 in.
1.25 in.
1.25 in.
1.25 in.
1.25 in.
1.25 in.
Average: _1.25 in._

17.5
Too fast to record
19.5
Too fast to record
18.7
Too fast to record
15.0
Too fast to record
19.2
Too fast to record
18.6
Too fast to record
16.4
Too fast to record
17.3
Too fast to record
19.1
Too fast to record
19.4
Too fast to record
20.1
Too fast to record
21.2
Too fast to record
21.9
Too fast to record
22.9
Too fast to record
23.4
Too fast to record
23.9
Too fast to record
24.6
Too fast to record
25.1
Too fast to record
25.3
Too fast to record
26.2
Too fast to record
Average: __20.76__ Average: Very Fast_

A fully charged battery was used for the test. 1-1/8” branches were used because they fit into the
branch cutting size range and didn’t take too long to cut through so 20 cuts could be achieved. Each cut
was timed with a stop watch and recorded. Once all data was recorded an average was calculated to
show an average time as with each cut the cutter took longer to complete a cut. The time to open time
was too fast to record with a stopwatch because under no load the impact gun moves the blades at a
high velocity.

Data 5: Cuts Per Charge Testing

Cuts Per Charge Test
Trial #
1
2
3

Average Branch Diameter Number of Branches Cut
1.00 in
0.75 in
1.00 in
Average: ___.92 in.______

34
41
37
Average: __ 37_______

Each trial used a fully charged battery straight off the charger to simulate the user grabbing the branch
cutter to cut branches in their yard. Three different trees were chosen to see how tree type affected
performance. The average branch size tested is around the 1.00 inch size set forth on the test
procedure. After each branch cut the user marked down a tally to be added up later. Once the cutter
would no longer cut a branch 1.00 inch in diameter the tested was ended and the tallies were added up
and recorded. An average was taken to show on average how many branches the cutter could cut
before the battery would die.
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Appendix J: Resume/CV
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